OBJECTIVE. To examine the duration of methicillin-resistant Staphylococcus aureus (MRSA) carriage and its determinants and the influence of eradication regimens. DESIGN. Retrospective cohort study. SETTING. A 1,033-bed tertiary care university hospital in Bern, Switzerland, in which the prevalence of methicillin resistance among S. aureus isolates is less than 5%. . Failure of decolonization treatment was associated with the presence of risk factors at the time of treatment (P = .01). Intermittent screenings that were negative for MRSA were frequent (26% of patients), occurred early after first detection of MRSA (median, 31.5 days), and were associated with a lower probability of clearing colonization (HR, 0.34 [95% CI,) and an increased risk of MRSA infection during follow-up.
12
stantial morbidity and mortality. Humans are the only sigIn the present study, we sought to determine the duration nificant reservoir of MRSA. Colonization with the microorof MRSA carriage and how the duration is influenced by risk ganism is a necessary step during the pathogenesis of MRSA factors for MRSA acquisition and receipt of decolonization infection, and it is the source of cross-transmission between treatment. The rationale was to create a basis for the optimal humans.
1 ' 2 Placement of MRSA carriers in contact isolation t i m i n g f or initiating decolonization treatment and suspending during their stay in healthcare institutions is a current stanisolation measures for MRSA carriers.
M E T H O D S
dard of care. 3 ' 4 Although cost-effective overall, isolation measures are expensive. A recent retrospective study calculated an additional cost of $318 per hospitalization-day per patient with MRSA, of which approximately 80% was from the use study Setting and Local Infection Control Policy of barrier precautions around beds in multiple-bed rooms. 5 Breaks in compliance with isolation policies are a continuous University Hospital Bern (Bern, Switzerland) is a 1,033-bed threat for the dissemination of MRSA.
tertiary care center with more than 30,000 admissions per Colonization may persist for months or even years.
68 Howyear. The referral area covers the local region, where apever, data are insufficient about the natural history of MRSA proximately 1 million inhabitants live, and a large number colonization and its determinants. Furthermore, the role of of smaller hospitals within and outside the Bernese region, topical decolonization therapy is still controversial. 9 " 11 A large In this part of Switzerland, the prevalence of methicillin re-sistance among S. aureus isolates is less than 5%, 13 and it ranges from 3% to 5% at University Hospital Bern.
According to local written infection control guidelines, MRSA carriers are put into contact isolation, which involves stay in a single-patient room, use of gloves and gowns by medical personnel during physical contact, and use of masks by medical personnel when exposure to respiratory secretions is expected. In the interdisciplinary intensive care unit, contact isolation is implemented in 4-bed cubicles by marking an isolation area of approximately 2 m around the patient's bed with paravents and closing the neighboring bed. Screening for MRSA involves all patients in contact with an MRSA carrier for whom placement in isolation was delayed and patients treated in a foreign healthcare institution during the 6 months before admission. Patients with MRSA are tagged in the hospital's patient administration system. On readmission, tagged MRSA carriers are put into contact isolation.
MRSA decolonization treatment comprises a 5-day course of nasal application of mupirocin ointment, daily skin disinfection with 4% chlorhexidine soap, and daily gargling with 0.1% chlorhexidine solution. The decision for decolonization treatment is made by the infection control team and requires that systemic antibiotic therapy and indwelling devices have not been used for at least 14 days and that all skin lesions have healed. During the study period, screening for MRSA control was performed intermittently as convenient during ambulatory visits or inpatient treatment, and results were therefore distributed over intervals of weeks to months, independent of whether decolonization treatment had been administered.
Recruitment of Study Patients and Collection of Data
The study was performed in accordance with local ethical guidelines. Patients with MRSA carriage detected for the first time between January 1, 2000, and December 31, 2003, were identified retrospectively through the laboratory information system of the Institute for Infectious Diseases, University of Bern, which serves University Hospital Bern. A total of 223 patients met these criteria. Thirty-eight patients were excluded, because they were not treated at University Hospital Bern at the time MRSA was first detected, and information concerning risk factors for MRSA acquisition was not available. An additional 69 patients were lost to follow-up after 1 month and were therefore also excluded. A total of 116 patients remained for analysis.
A standardized questionnaire was used to collect patient data retrospectively from medical records, infection control unit statistics, and the laboratory information system. Followup for individual patients started on the date MRSA was first detected and ended on December 31, 2004.
Terms and Definition
The following risk factors for MRSA carriage at the time MRSA was first detected were considered: receipt of systemic antibiotic therapy or performance of a surgical procedure during the last 30 days, presence of skin lesions (surgical site wounds, ulcers, and/or dermatitis), use of indwelling devices (intravascular central catheters, endotracheal tube or tracheostoma, urinary catheters, and/or wound drainage devices), receipt of immunosuppressive therapy (steroid treatment equivalent to 7.5 mg/day or more of prednisone, chemotherapy, or immunomodulators), presence of diabetes mellitus, presence of renal insufficiency, receipt of hemodialysis, and presence of malignant tumors. Risk factors considered during follow-up were the same as those for the time when MRSA was first detected, with the exception of performance of surgical interventions during the past 30 days. We calculated the sum of risk factors present at the following junctures: the time MRSA was first detected, the time of decolonization treatment (if applicable), and the time of the final MRSA screening during follow-up. For analysis, risk factors were also categorized dichotomously (3 or less vs more than 3). Moreover, we defined modifiable risk factors as receipt of antibiotic treatment within the previous 30 days, presence of skin lesions, and use of indwelling foreign devices.
The total follow-up time was defined as the interval from the first detection of MRSA until the last MRSA screening (positive or negative). Clearance of MRSA carriage was assumed when 2 or more of the final screenings during follow-up were negative for MRSA. Long-term carriage was defined as persistent carriage for more than 12 months during follow-up.
Detection of and Screening for MRSA Colonization
Routine MRSA screening involved testing of specimens from the following anatomical sites: both nares, the groin (2 specimens), any skin lesions, tracheal secretions in intubated or tracheostomized patients, and urine in patients with urinary catheter. Samples obtained for suspected MRSA infection were included in the screening samples. Swabbing was performed with twisted wire rayon-tipped applicators (Copan Venturi Transystem). One applicator was used for both nares and another for both specimens from the groin, and applicators were premoistened with physiological saline. Laboratory screening for MRSA was performed with the mannitoloxacillin biplate test, selective culturing for gram-positive organisms, the coagulase tube test (to exclude coagulasenegative staphylococcus), and resistance pattern testing on Muller-Hinton agar. Available consecutive MRSA isolates from the same patient were typed using pulsed-field gel electrophoresis (PFGE), as described elsewhere. 14 
Statistical Analysis
All analyses were performed in StatView, version 5.0 (SAS Institute), or Stata, version 8 (Stata Corporation), using a cutoff of P value of .05 or less (2-tailed) . Differences between means were tested by the Student's t test or the Mann-Whitney U test, and proportions were compared with the x 2 or Fisher's exact test, as appropriate. The duration of MRSA colonization determinants was analyzed by Kaplan-Meier curves using the log-rank test and Cox regression analysis.
RESULTS

Characteristics of Study Patients and Risk Factors for MRSA Acquisition
A total of 116 patients with newly detected MRSA colonization were followed up for a mean duration (±SD) of 496 ± 431 days (median, 316.5 days [range, 31-1,616 days]). The characteristics of these 116 patients at the time MRSA was first detected are listed in Table 1 . Almost half of the patients (45.7%) were 65 years or older. Male patients predominated (69.8% of the study population). Most patients were of Swiss nationality (80.2%) and lived in private households (90.5%). Half of the MRSA carriers (48.3%) were identified through the screening of contacts. The predominant anatomical sites of MRSA detection were skin lesions (39.7%) and the nares (35.3%). The most prevalent risk factors for MRSA acquisition were skin lesions (71.6% of patients), past antibiotic therapy (56.9%), and past surgery (54.3%). Almost all patients (96.6%) had been hospitalized within the previous 6 months, and the mean hospitalization duration (±SD) before MRSA detection was 11.9 ± 17.7 days. Almost half of the patients (43.1%) had an MRSA infection at the time MRSA was first detected.
Clearance of MRSA During Follow-up
During follow-up, a mean of 3.8 MRSA screenings were performed per patient per year. Sixty-eight patients (58.6%) cleared MRSA colonization. The median time to clearance, based on the Kaplan-Meier estimate, was 226 days (7.4 months). In patients who cleared colonization, the median follow-up time after clearance was 189.5 days (range, 1-1,602 days). Long-term carriage was observed in 24 patients (20.7%), of whom 19 cleared MRSA colonization, and 5 remained colonized throughout the follow-up period.
Independent determinants for MRSA clearance were the absence of modifiable risk factors (hazard ratio Table 2) . Thirty-six patients (31.0%) received decolonization treatment, which failed in 13 (36.1%). The median time to initiation of decolonization treatment was 37.5 days (range, 0-833 days). The median time to clearance (based on the Kaplan-Meier estimate) for patients with 0-3 risk factors at the time of MRSA detection was 43 days if decolonization treatment was administered and 238 days if it was not administered (Figure) . The corresponding intervals for patients with more than 3 risk factors were 221 days if decolonization treatment was received and 597 days if it was not received. The 13 patients who did not respond to decolonization treatment had a significantly greater number of risk factors at the time of decolonization treatment (mean [±SD], 1.30 ± 1.37 [95% CI, 0.47-2.14]) than patients who cleared MRSA immediately after treatment (0.39 ± 0.65 risk factors [95% CI, 0.11-0.67]; P = .01).
Intermittent Negative Results of Screenings for MRSA
During follow-up, 30 patients (25.9%) had intermittent screenings with negative results, and 12 patients (10.3%) had 2 or more consecutive intermittent screenings with negative results. Twelve of the 30 patients had PFGE performed on MRSA isolates that were obtained before and after intermittent screenings with negative results; for all 12, the PFGE pattern for the first isolate matched the pattern for the second isolate. For 3 of the 12 patients, extended intervals of 33, 39, and 51 months occurred between the times the 2 MRSA isolates with an identical PFGE pattern were obtained. The median interval between the time MRSA was first detected to the time of the first intermittent screening with a negative result in these 30 patients was 31.5 days (range, 1-365 days), compared with the median time to MRSA clearance of 226 days in the whole study population. The mean number of risk factors present at the time MRSA was first detected was higher for patients with negative results of intermittent screenings (mean, 3.86 vs 2.96; P = .002), and they had a lower probability of clearing MRSA colonization (Table 2 ). In the Cox regression analysis, the only independent factor associated with negative results of intermittent screenings was the number of risk factors present at time MRSA was first detected (HR, 1.65; 95% CI, 1.24-2.20; P = .005). ' Includes all patients in contact with an MRSA carrier for whom placement in isolation was delayed and patients treated in a foreign healthcare institution during the 6 months before admission. b This entry totals more than 100%, because patients could have more than one characteristic. c Antibiotics exclude perioperative prophylaxis.
MRSA Infection During Follow-up
of indwelling devices. 215 " 21 Also, the high proportion of patients with MRSA infection at the time MRSA was first detected in them (43.1%) was in accordance with earlier reports. 22 Because of the low prevalence of nosocomial MRSA carriage (3%-5% of patients) and the virtual absence of community-acquired MRSA at this institution, the likelihood of a new and inadvertent colonization during follow-up was minimal. The study has some limitations, however. The retrospective study design precluded a strict schedule of followup screenings and randomized the administration of decolonization treatment. Also, we cannot exclude the possibility that study patients may have received MRSA-eradication regimens at another healthcare institution during follow-up.
Fifty-nine percent of the study patients cleared MRSA within a median interval of 226 days (7.4 months). Two previous studies found a similar time to clearance of 7-8.5
https:/www.cambridge.org/core/terms. https://doi.org/10.1086/507917 months. 7, 23 However, longer durations of 14 months 8 and 40 months 6 have been reported. These differences may be explained by the frequency of infection control screening performed in the different studies. For example, Vriens et al. 8 screened patients at intervals of 6 months only. A mean of 1.6 screenings per patient per year were performed in the study by Sanford et al., 6 whereas we performed a mean of 3.8 screenings per patient per year. A higher frequency of screenings certainly leads to a more accurate description of the duration of colonization. Estimates of the duration of colonization may also be influenced by the study population's size (49-197 patients were involved in the cited studies) and clinical characteristics. An indication for the latter might be the proportion of long-term carriers. In our study, approximately 20% of patients were long-term carriers (defined as carriage of MRSA for more than 1 year), and the longest observed carriage time was 3.3 years. Earlier studies reported a lower frequency of long-term carriage of approximately 10%. 6 ' 23 ' 24 Lastly, different definitions used for MRSA clearance may also play a role. As in our study, Sanford et al. 6 required 2 consecutive screenings with negative results; elsewhere, Vriens et al 8 required 1 screening with a negative result, and no definition was given in the study by MacKinnon and Allen. 23 Thirty of our 116 patients had at least 1 intermittent screening with negative results, and in 10% we observed 2 or more consecutive screenings with a negative result. Data on negative results of intermittent screenings are rare. Vriens et al. 8 found 6.7% of their cohort to have negative results of intermittent screening, and in the study by Blok et al. 25 culturenegative intervals of 8-10 months were observed for 5 of 11 patients with long-term carriage. Low colonization density or an intracellular reservoir may be responsible for negative results of intermittent screenings. 26 ' 27 Interestingly, infection during follow-up was more frequent among patients with intermittent carriage, a finding that, to our knowledge, has not been reported up to now. Eventually, negative results of intermittent screenings may lead to a premature suspension Log-rank test for decolonization treatment versus no decolonization treatment in patients with 4-7 risk factors (P = .03).
of infection control measures. In our study, however, the median interval to the first intermittent screening with a negative result was considerably shorter (31.5 days) than the observed median time to MRSA clearance (226 days). Risk factors for MRSA colonization had a significant impact on the duration of MRSA colonization. The strength of this study is the detailed analysis of a large number of risk factors. The presence of at least 1 modifiable risk factor (antibiotic use, presence of a skin lesion, and use of an indwelling device), receipt of immunosuppressive therapy , and receipt of hemodialysis was independently associated with a longer duration of MRSA carriage. Earlier studies found skin lesions to be the most prominent factor associated with persistent carriage. 28 found an association between underlying disease and persistent carriage, albeit in a small study population. Cystic fibrosis was identified as a risk factor for long-term MRSA carriage in 2 studies 8 ' 24 but was only present in one of our patients. All these findings suggest that the presence of risk factors should be considered in the decision to suspend isolation precautions. Beaujean et al. 28 demanded an absence of risk factors for more than 6 months and 3 screenings with negative results before ending isolation precautions. By comparison, Vriens et al. 8 called for 12 months and at least 1 screening with a negative result. On the basis of our findings, with an extended analysis of risk factors for MRSA carriage, we propose that a patient should be considered to have cleared MRSA colonization if at least 2 consecutive screenings have negative results and if there are no other risk factors (modifiable and nonmodifiable), regardless of the time that has passed since MRSA colonization was detected. In the presence of long-term, nonmodifiable risk factors, a minimum follow-up duration (eg, 6 months) should be allowed to elapse, to decrease the risk of falsenegative results of intermittent screenings.
Receipt of decolonization treatment was significantly associated with the clearance of MRSA. However, it must be taken into consideration that, in this study, decolonization treatment was only administered when modifiable risk factors for MRSA colonization (antibiotic treatment, use of indwelling devices, and presence of skin lesions) were absent. Nevertheless, a high failure rate of decolonization treatment was observed (36.1% of patients), and failure was associated with the presence of nonmodifiable risk factors for MRSA colonization. Vriens et al. 8 reported a much higher success rate for decolonization treatment and concluded that such treatment should be administered to all patients, independent of the presence of risk factors. However, the large screening intervals used in their study and the lack of information on nonmodifiable risk factors precludes a comparison with our findings. We suggest that decolonization treatment should only be given when modifiable risk factors are largely absent and that the success of the treatment should be evaluated more carefully if long-term risk factors are present.
MRSA infection occurred in 14.7% of our patients during follow-up. This rate is comparable with rates reported elsewhere. 1, 29 Older age, intensive care unit stay, receipt of hemodialysis, presence of surgical wounds, presence of pressure ulcers, and use of intravascular catheters have been associated with an increased progression of MRSA colonization to invasive infection. 1, 29 ' 30 In our study, a higher number of risk factors at the end of follow-up was associated with an increased risk of MRSA infection.
In conclusion, modifiable and nonmodifiable risk factors for MRSA acquisition are the most important determinants of the duration of MRSA colonization and affect the success rate of decolonization treatments. Moreover, the presence of risk factors may lead to intermittent screenings with negative results. Risk factors should therefore be evaluated carefully in all MRSA carriers and should be considered in infection control policies, such as the timing of decolonization treatment and the definition of MRSA clearance, which is the basis for the decision to suspend isolation measures.
